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I .  I n e r o d u c  t i . jn 
This r e s e a r c h  pro jec t  i a  concerned w i t h  a n  i n v e s t i g a t i o n  of t!:e 
ways i n  which 8 modern d i g i t a l  cumputa t iona l  f a c i l i t y  may be usad i n  
t h e  a n a l y s i s  and s y n t h e s i s  of  n e t w o r k s  whose e lements  are d i s r r i b u t e c !  
Bumped, and a c t i v e .  Such rzetworlce may be r e f e r r e d  t o  as 1)UI (Di s t r i -  
buted-lumped-Active) I - networks.  During t h e  six-month per iod  cavered  
by t h i s  r e p o r t ,  the major emphasis of t h e  r e s e a r c h  i n v e s t i g a t i o n  has  
been i n  t h r e e  major a r e a s .  These  a re :  ( I}  t h e  illodeling of two -o r  
t h r e e - l a y e r e d  d i s t r i b u t e d  KC networks w i t h  a r b i t r a r y  t e r m i n a l  c o n f i g -  
usa thons  imposed on t h e  r e s i s t i v e  l a y e r s ;  (2) a new approach t o  t h e  
s y n t h e s i z i n g  of DU networks by t h e  use of o p t i m i z a t i o n  techniques  
which avo ids  many of t h e  problems of non-convergence f r e q u e n t l y  
encountered  FQ t h e  a p p l i c a t i o n  of such  t e c h n i q u e s ;  and (3)  t h e  
development of a g e n e r a l  s y n t h e s i s  c a p a b i l i t y  p e r m i t t i n g  t h e  a p p l i c a -  
t i o n  of complex o p t i m i z a t i o n  techniques  t o  a r b i t r a r y  D U  conf igu ra -  
t i o n s .  A more d e t a i l e d  d i s c u s s i o n  of t h e s e  areas and the r e s u l t s  
which have been accomplished i n  them fo l lows .  
- 
P I .  Two-Dimensional Modeling of 3 i s t r ibd te . l  K@ Networks 
The basic concept  of modeling a one-dimensional d i s t r i b u t e d  XC 
network by a f i n i t e  number of "L" ar "T" s e c t i o n s  u t i l i z i n g  series 
r e s i s t o r s  and s h u n t  c a p a c i t o r s  may be r e a d i l y  extended t o  the t w o -  
d imens iona l  case, Such a mudel is r e a d i l y  a p p l i c a b l e  t o  a 
de te rmina t ion  of t h e  p r o p e r t  ies n f  m u l t i - t e r m i n a l  networks i n  which 
t h e  t e r m i n a l  c o n f i g u r a t i o n  and geometry may be v a r i e d  t o  produce a 
wide range  of magnitude and p h a s e  c h a r a c t e r i s t i c s  f o r  both  d r i v i n g -  
p o i n t  and t r a n s f e r  f u n c t i o n s ,  A mvdification of the  b a s i c  approach 
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is r e a d i l y  mads t o  ex tend  the  t echnique  t o  fthe case 0%: a three-layer 
d i s t r i b u t e d  RC e b e m n t  i n  which the z e r o - c o n d u c t i v i t y  ;;rotind pharas is 
rsp%aceed by a r e s i s t i v e  one. Dur ing  t h e  pas t  c o n t r a c t  per iod an e f f o r t  
t o  deve lop  set of d i g i t a l  coniputer p r o g r a m  f o r  the a n a l y s i s  of t h e  
lumped e q u i v a l e n t  model fo r  such a network h a s  been s u c c e s s f u l l y  
completed,  The resul ts  are d e s c r i b e d  i n  a report;  which has been  
submi t t ed ,  l 4  S e v e r a l  o f  t h e  t h r e e - l a y e r  c o n f i g u r a t i o n s  i n v e s t i g a t e d  
i n  this r e p o r t  appear t o  have c o n s i d e r a b h  promise f o r  f requency 
eelactive c i r c u i t s .  Cons ide rab le  more a p p l i c a t i o n  of the programs 
and a f u l l e r  i n v e s t i g a t i o n  of t h e  p r o p e r t i e s  of some of t h e  more 
promising network c o n f i g u r a t  i o n s  is planned. 
111, Cons t r a ined  Complex Op t imiza t ion  
One of the r e s u l t s  of t h e  i n v e s t i g a t i o n  o f  t echn iques  f o r  u s ing  
o p t i m i z a t i o n  s t r a t e g i e s  t o  s y n t h e s i z e  DLA networks has been the 
n t  of a new approach t o  the use of o p t i m i z a t i o n  methods. 
T h i s  approach is r e f e r r e d  t o  as complex o p t i m i z a t i o n .  Tlke b a s i c  
approach was d e s c r i b e d  i n  a previous semi-annual r e p o r t ,  I t  is based 
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on maximizing (or minimizing) t h e  magnitude of a network f u n c t i o n  at 
s p e c i f i e d  p o i n t s  on t h e  complex frequency p l a n e ,  t h u s ,  e f f e c t i v e l y  
create a dominant pole (or a dornincPnt zero)  i n  t h e  func t ion .  Like 
a l l  o p t i m i z a t i o n  s t r a t e g i e s  complex o p t i m i z a t i o n  has the i nhe ren t  
problems of possible non-convergence, convergence rather t o  a local 
t h a n  a g l o b a l  ogthrnuin and convergence t o  w n o n - r e a l i z a b l e  set  of 
parameter values, A s  one means o f  r e d u c i n g  the p o s s i b i l i t y  o f  these 
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mal func t ions  I d u r i n g  t h e  p a s t  c o n t r a c t  per iod  a c o n s t r a i n t  
procedure has  bee12 developed I Ttis  procedure is c a l l e d  c o n s t r a i n e d  
complex op t imiza t ion .  I t  comisC5 of t h e  s u b s t i t u t i o n  of a nunber  
of small e a s i l y - s o l v e d  o p t i m i z a t i o n  problems f o r  a g i v e n  large 
one, T h i s  is dona by sequencing  t h e  f u n c t i o n a l  parameters  of t h e  
problem i n  d i s c r e t e  s t e p s  from a s t a r t i n g  p o i n t  i n  the complex 
f requency  p l a n e  a t  which the v a l u e  of  t h e  network v a r i a b l e s  are 
known t o  a s p e c i f i e d  p o i n t  a t  which t h e s e  v a l u e s  are t o  be 
determined.  The r e s u l t s  t o  da te  i n d i c a t e  t h a t  t h i s  approach 
p rov ides  a powerful  a i d  t o  t h e  o p t i m i z a t i o n  t o o l s  p rev ious ly  
developed f o r  t h i s  r e s e a r c h  g r a n t .  A gaper  d e s c r i b i n g  the b a s i c  
method has  been publfshed.15 A r e p o r t  g i v i n g  f u l l e r  documenta- 
t i o n  on t h e  method is c u r r e n t l y  under p r e p a r a t i o n .  
W e  A Genera l  DLA Op t imiza t ion  Program 
Q R P ~  of t h e  major computa t iona l  t o o l s  which has been developed 
i n  t h e  r e s e a r c h  e f f o r t  sponsored by t h i s  g r a n t  i s  t h e  so f tware  
package named GOSPEL ( e n e r a 1  - Opt imiza t ion  Sof tware  - Package f o r  
E l e c t r i c a l  - Networks), T h i s  was o r i g i n a l l y  desc r ibed  i n  a p rev ious  
annual  r e p o r t .  This computa t iona l  t o o l  r e q u i r e s  t h a t  t h e  u s e r  
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implenient t h e  problem be ing  opt imized  i n  t h e  form of a s e p a r a t e  
s u b r o u t i n e .  I n  t h e  a p p l i c a t i o n s  of GOSPEL t o  t h e  synthesis of 
DLA networks which have p r e v i o u s l y  been Jreported, il s e p a r a t e  sub-  
r o u t i n e  was w r i t t e n  f o r  each  d i f f e r e n t  network c u n f i g u r a t i o n  which 
was i n v e s t i g a t e d ,  To e l i m i n a t e  the n e c e s s i t y  of prepa r ing  such 
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i n d i v i d u a l  s u b r o u t i n e s  d u r i n g  t h e  p a s t  c o n t r a c t  p e r i o d ,  a r e s e a r c h  
e f f o r t  has bse.n made t o  develop a g e n e r a l  s u b r o u t i n e  which m y  be  w e d  
i n  connec t ion  w i t h  t h e  GOSPEL program t o  zptimize any d e s i r e d  DLA 
network c o n f i g u r a t i o n .  Such a s u b r o u t i n e  named PLNLYZ has  been prepared 
and t e s t e d  and is c u r r e n t l y  i n  o p e r a t i o n .  The c a p a b i l i t i e s  of t h i s  
s u b r o u t i n e  are q u i t e  broad,  
c ~ n r p o n i ~ ~ t s  which are lumped o r  d i s t r i b u t e d .  
or may be  d e s c r i b e d  by a v a r i e t y  of t a p e r s  such  as e x p o n e n t i a l  o r  
polynomial.  The active e lements  may be  s i n g l e  i n p u t  o r  d i f f e r e n t i a l  
i n p u t ,  Any of t h e  network pa rame te r s  may be  s e l e c t e d  as b e i n g  subject 
t o  ad jus tmen t  by t h e  o p t i m i z a t i o n  s t r a t e g y  o r  they may be  t r e a t e d  as 
i n v a r i a n t  parameters .  This p r o v i s i o n  makes i t  p o s s i b l e  to try v a r i o u s  
o p t i m i z a t i o n  combinations on t h e  same network w i t h  on ly  a simple 
chmga of d a t a  cor& be ing  r e q u i r e d  to modify t h e  s e l e c t i o n  of 
pa rame te r s  which are t o  be  opt imized .  The s u b r o u t i n e  ANLYZ is  
d e s c r i b e d  more f u l l y  in a r e p o r t  which has been submitted. 
s i d e r a b l e  f u t u r e  use of t h i s  s u b r o u t h e  is  planned. 
I t  can  be used t o  treat  p a s s i v e  network 
The l a t t e r  can b e  uniform 
Con- 16 
V. Other R@search Efforts 
One of t h e  major r e s e a r c h  e f f o r t s  c u r r e n t l y  be ing  conducted 
under t h i s  g r a n t  i s  t h e  i n t e n s i v e  a p p l i c a t i o n  of the  r e s e a r c h  tools 
developed under the g r a n t  t o  t h e  i n v e s t i g a t i o n  of t h e  p r o p e r t i e s  of 
many new DLA network c o n f i g u r a t i o n s .  
these d i g i t a l  computa t iona l  tools  ntakgs it p o s s i b l e  to conduct 
e x t e n s i v e  a n a l y s e s  of t h e  c a p a b i l i t i e s  of a wide range of D 
The power and v e r s a t i l i t y  of 
workss to Beta ne which of them have superior c h a r a c t e r i s t i c s  and 
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p r o p e r t i e s  One such i n v e s t i g a t i o n  has  r e s u l t e d  i n  t h e  d e t e r m i n a t i o n  
of a s i m p l e  D U  network c o n f i g u r a t i o n  s u i t a b l e  for high-Q f i l t e r i n g  
a p p l i c a t i o n s ,  This  network has  t h e  d e s i r a b l e  p r o p e r t y  t h a t  t h e  real  
p a r t  of t h e  p o l e  s e n s i t i v i t y  t o  t h e  v a r i a t i o n s  i n  t h e  ga in  of t h s  
active element may be  set  t o  zero. Thus, t h i s  DLA network i s  a prime 
c a n d i d a t e  f o r  a p p l i c a t i o n s  i n  which h igh  s e l e c t i v i t y  i s  r e q u i r e d  and 
i n  which i t  is  a l s o  d e s i r e d  t o  minimize t h e  p o s s i b i l i t y  of i n s t a b i l i t y .  
The network c o n f i g u r a t i o n  h a s  been d e s c r i b e d  i n  a pape r  which w i l l  
s h o r t l y  be  pub l i s  hed e 1 7  
VI. Conclusion 
As a r e s u l t  of t h e  r e s e a r c h  suppor t ed  by t h i s  g r a n t ,  a powerfu l  
and versatile set of computa t iona l  t o o l s  have been developed f o r  t h e  
rnodel ingganalysis ,  and s y n t h e s i s  of a broad class of networks 
comprised of d i s t r i b u t e d ,  lumped, and a c t i v e  e lements .  Three of t h e  
results completed d u r i n g  t h e  p reced ing  six-month p e r i o d ,  nam@ly , 
c o n s t r a i n e d  complex o p t i m i z a t i o n ,  modeling of bwo-dimensional 
d i s t r i b u t e d  ne tworks ,  and t h e  development of t h e  s u b r o u t i n e  ANLYZ, 
r e p r e s e n t  a major e x t e n s i o n  of t h e  a n a l y s i s  and s y n t h e s i s  c a p a b i l i t i e s  
p r e v i o u s l y  implemented under t h i s  g r a n t .  Spec i f  i c a l l y  t h e  c o n s t r a i n e d  
complex o p t i m i z a t i o n  approach makes i t  p o s s i b l e  t o  s u c c e s s f u l l y  a t t a c k  
e y n t h e s i s  problems which were p r e v i o u s l y  n o t  s o l v a b l e ,  t h e  bwo- 
dimens iona l  modeling c a p a b i l i t i e s  open t h e  door t o  a l a r g e  range  of 
p o t e n t i a l l y  useful network c o n f i g u r a t i o n s  which could  p r e v i o u s l y  n o t  
be modeled, and t h e  s u b r o u t i n e  ANLYZ p r o v i d a s  a g e n e r a l  t o o l  which 
may be  a p p l i e d  to a broad range of DT& a n a l y s i s  and s y n t h e s i s  
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